In this paper, we give the spectral energy distributions of 42 M81 globular clusters in 13 intermediateband filters from 4000 to 10000Å, using the CCD images of M81 observed as part of the BATC multicolor survey of the Sky. The BATC multicolor filter system is specifically designed to exclude most of the bright and variable night-sky emission lines including the OH forest. Hence, it can present accurate SEDs of the observed objects. These spectral energy distributions are low-resolution spectra, and can reflect the stellar populations of the globular clusters. This paper confirms the conclusions of Schroder et al. (2002) that, M81 contains clusters as young as a few Gyrs, which also were observed in both M31 and M33.
INTRODUCTION
The study of globular clusters (GCs) plays an important role in our understanding of the evolution and history of galaxies. They are bright and easily identifiable star clusters typically with homogeneous abundances and ages. The Galactic GCs, the stars of which are thought to be among the oldest stars in the universe provide important information regarding the minimum age of the universe and the early formation history of our Galaxy. However, we also find that the GC system of our neighboring galaxy, M31, contains at least 20 young GCs ranging in age from 100 Myr to ∼ 5 Gyr (Burstein et al. 2004; Beasley et al. 2005) .
Except for the Local Group galaxies, M81 is one of the nearest large spirals outside the Local Group. As such, its globular cluster system has come under recent detailed scrutiny. Perelmuter & Racine (1995) first attempted to identify GCs in M81 from groundbased images, sifting through over 3700 objects in a 50 ′ diameter field centered on M81. They found 70 GC candidates within 11 kpc galactocentric radius. then confirmed 25 as M81 GCs on basis of spectroscopy of 82 bright GC candidates in the M81 field. Schroder et al. (2002) obtained moderateresolution spectroscopy for 16 of the Perelmuter & Racine M81 GC candidates, and found that all of these are GCs.
Recently, Chandar et al (2001) discovered 114 compact star clusters in M81 from B-, V -, and I-band Hubble Space Telescope (HST) Wide Field Planetary Camera 2 images in eight fields, covering a total area of 40 arcmin, 54 of which are new GCs. Using these 95 M81 GCs, Ma et al. (2005) presented that the intrinsic B and V colors and metallicities of these GCs are bimodal, with metallicity peaks at [Fe/H] ≈ −1.45 and −0.53, similar to what we find for the Milky Way and M31 GCs. In this paper we present new spectral energy distributions (SEDs) for 42 of these GCs, using M81 images observed as part by galaxy calibration program of the Beijing-Arizona-Taiwan-Connecticut (BATC) multicolor sky survey (e.g., Fan et al. 1996; Zheng et al. 1999) . The BATC filters are custom-designed set of 15 intermediateband filters to do spectrophotometry for preselected 1 deg 2 regions of the northern sky. Details of our observations and data reduction are given in § 2. § 3 gives our summary. Ma et al. (2005) studied the intrinsic B and V colors and metallicities of 95 M81 GCs. In order to study the stellar populations of these GCs, we extracted 311 images of M81 field as part of the BATC multicolor survey of the sky, taken in 13 intermediate-band filters with a total exposure time of ∼ 100 hours from February 5, 1995 to April 30, 2002 . Multiple images of the same filter were combined to improve the signal-to-noise ratio. While the SEDs of the sample GCs brighter than V ∼ 20 mag can be obtained in the BATC multicolor system, we are constrained in obtaining full SEDs for these GCs by the limited field of view around M81, as well as by some of these GCs being in the high background of M81 itself. As such, we have obtained SEDs in 13 BATC filters for 42 of the 95 GCs previously presented.
OBSERVATIONS AND DATA REDUCTION

The Sample of GCs
Observations and data reduction
The BATC multicolor survey uses a Ford Aerospace 2048 × 2048 CCD camera with 15 µm pixel size on the 0.6/0.9m f/3 Schmidt telescope of the Xinglong Station of the National Astronomical Observatories, giving a CCD field of view of 58 ′ × 58 ′ with a pixel size of 1
′′
.7. The typical seeing of the Xinglong station is 2 ′′ . The BATC multicolor filter system, which was specifically designed to avoid contamination from the brightest and most variable night sky emission lines, includes 15 intermediateband filters covering 3300Å to 1µ. Calibrations of these images are made using observations of four F sub-dwarfs, HD 19445, HD 84937, BD +26
• 2606, and BD +17
• 4708, all taken from Oke & Gunn (1983) . Hence, our magnitudes are defined in a way similar to the spectrophotometric AB magnitude system that is the Oke & Gunnf ν monochromatic system. BATC magnitudes are defined on the AB magnitude system as
whereF ν is the appropriately averaged monochromatic flux in unit of erg s −1 cm −2 Hz −1 at the effective wavelength of the specific passband. In the BATC system (Yan et al. 2000) ,F ν is defined as
which links the magnitude to the number of photons detected by the CCD rather than to the input flux (Fukugita et al. 1996) . In equation (2), r ν is the system's response, f ν is the SEDs of the source. Of the 15 BATC filters, we did not use the two bluest filters. Data reduction of the CCD data proceeds with removal of bias subtraction and flat-fielding with dome flats. These steps were performed with our custom-made, automatic data reduction software, PIPELINE I, developed for the BATC multicolor sky survey (Fan et al. 1996; Zheng et al. 1999 ). The dome flat-field images were taken by using a diffuser plate in front of the correcting plate of the Schmidt telescope, a flatfielding technique which has been verified with the photometry we have done on other galaxies and fields of view (e.g., Fan et al. 1996; Zheng et al. 1999; Wu et al. 2002; Yan et al. 2000; Zhou et al. 2001 Zhou et al. , 2004 . Spectrophotometric calibration of the M81 images using the Oke-Gunn standard stars is done during photometric nights (see details from Yan et al. 2000; Zhou et al. 2001) .
Using the images of the standard stars observed on photometric nights, we derived iteratively the atmospheric extinction curves and the variation of these extinction coefficients with time (cf. Yan et al. 2000; Zhou et al. 2001 ). The extinction coefficients at any given time in a night [K + ∆K(U T )] and the zero points of the instrumental magnitudes (C) are obtained by
where X is the air mass. The instrumental magnitudes (m inst ) of the selected bright, isolated and unsaturated stars on the M81 field images of the same photometric nights can be readily transformed to the BATC AB magnitude system (m batc ). The calibrated magnitudes of these stars are obtained on the photometric nights, which are then used as secondary standards to uniformly combine images from calibrated nights to those taken during non-photometric weather. Table 1 lists the parameters of the BATC multicolor filter system and the statistics of observations. Column 6 of Table 1 gives the scatter, in magnitudes, for the photometric observations of the four primary standard stars in each filter.
2.3. Integrated photometry For each M81 GC, the PHOT routine in DAOPHOT (Stetson 1987 ) is used to obtain magnitudes. To avoid contamination from nearby objects, we adopt a small aperture of 6 ′′ .8 corresponding to a diameter of 4 pixels in the Ford CCD. Aperture corrections are determined as follows, using the isolated M81 GC, Is40165: determining the magnitude differences between photometric diameters 4 and 10 pixels in each of the 13 BATC filters. Inner and outer radii of the sky apertures are from 4 to 7 pixels for a diameter of 4 pixels, and from 6 to 10 pixels for a diameter of 10 pixels. The SEDs obtained in this manner are given in Table 2 . Column 1 is GC's name taken from , Schroder et al. (2002) and Chandar et al (2001) . Column 2 to column 14 give the magnitudes of the 13 BATC passbands observed. The second line for each GC gives the 1−σ errors in magnitudes for the corresponding passband. The errors for each filter are given by DAOPHOT. Magnitudes in the BATC03 filter could not be obtained for Is50286, Id50357, Id70319, SBKHP16 and CFT41 owing to low signal-to-noise ratios. Because of low angular resolution, given the Schmidt pixel size of 1 ′′ .7, the different sizes of different clusters are not evident in our CCD images. Zhou et al. (2003) presented the relationships between the BATC intermediate-band system and U BV RI broadband system using the standard stars catalogs of Landolt (1983 Landolt ( , 1992 and Galadí-Enríquez et al. (2000) . The coefficients of two relationships are showed by equations (4) and (5) (4) and (5), we transformed the magnitudes of 42 GCs in BATC03, BATC04 and BATC05 bands to ones in the B band, and in BATC06, BATC07 and BATC08 bands to ones in V band. Figure 1 plots the comparison of V (BATC) and (B−V ) (BATC) photometry with previously published measurements of Perelmuter & Racine (1995) and Chandar et al (2001) . In this figure, our magnitudes/colors are on the x-axis, the difference between our and Perelmuter & Racine (1995) and Chandar et al (2001) magnitudes/colors are on the y-axis. Table 3 lists this comparison. The mean V magnitude and color differences (in the sense of this paper − Perelmuter & Racine (1995) and Chandar et al (2001) ) are < ∆V >= −0.116 ± 0.028 and < ∆(B − V ) >= −0.017 ± 0.027, respectively. The uncertainties in < ∆V > and < ∆(B − V ) > are calculated by
Comparison with previous photometry
and
Uncertainties in B (BATC) and V (BATC) have been added linearly, i.e. σ B = σ 04 + 0.2201(σ 03 + σ 05 ), and σ V = σ 07 + 0.3292(σ 06 + σ 08 ), to reflect the errors in the three filter measurements. For the colors, we add the errors in quadrature, i.e. σ (B−V ) = (σ B 2 + σ V 2) 1/2 . From Figure 1 and Table 3 , it can be seen that there is good agreement in the photometric measurements. 
Reddening
In order to obtain intrinsic SEDs for the sample GCs, the photometric data are corrected for the reddening from the foreground extinction contribution of the Milky Way and for the internal reddening due to varying optical paths through the disk of M81. The total reddening determination for the M81 field (the foreground plus M81 contribution) has been measured by a number of authors (e.g., Freedman et al. 1994; Kong et al. 2000) . We only mention here that, Kong et al. (2000) obtained the reddening maps of M81 field based on the images observed by the BATC multicolor sky survey in the 13 intermediate-band filters from 3800 to 10000Å. To determine the metallicity, age, and reddening distributions for the M81 field, Kong et al. (2000) found the best match between the observed colors and the predictions from single stellar population models of Bruzual & Charlot (1996) . A map of the interstellar reddening in a substantial portion of M81 was obtained. For a few clusters that fall near the edges of the images, Kong et al. (2000) did not obtain reddenings. For these clusters we adopt a mean reddening value of 0.13 as Chandar et al (2001) did. The local reddening values for these GCs are listed in column (4) of Table 1 in Ma et al. (2005) . Figure 2 plots the intrinsic SEDs of 42 GCs (relative to the flux of filter BATC08) in the 13 BATC intermediate-band filters. Schroder et al. (2002) observed moderate-resolution spectroscopy of 16 M81 GCs using the Low Rosolution Imaging Spectrograph on the Keck I telescope. By comparing between the observed age-sensitive index Hβ against Mg2 and isochrones from the evolutionary synthesis models from Worthey (1994) and from Fritze-v. Alvensleben & Burkert (1995) , Schroder et al. (2002) 
Analysis of the SEDs of the GCs
find that SBKHP15
3 is younger than the other GCs. As we know that, lower metallicity and younger age can make the fluxes in longer filter bands to be lower. The metallicity of this cluster is nearly the same as one of SBKHP8. So, from the SEDs of Figure 2 , we can conclude that SBKHP16 is younger than SBKHP8, as its SED is lower than those of SBKHP8 in longer filter bands. In particular, SBKHP16 has very low fluxes in the BATC14 and BATC15 filter bands. We compare its SEDs with ones of SBKHP8, and find that, the intrinsic flux (relative to the flux of BATC08 filter band) is 1.607 versus 0.641 in BATC14 filter band, and 1.505 versus 0.649 in BATC15 filter band, nearly 2.5 times.
Ages
A single GC is a stellar population having a single age and chemical abundance. Globular clusters are ideal systems to be characterized by simple stellar populations (SSPs) models.
BC96 models (Bruzual & Charlot 1996) are given for simple stellar populations (SSPs) of metallicities Z = 0.0004, 0.004, 0.008, 0.02, 0.05, and 0.1. These models are based on the Padova group evolutionary tracks (Bressan et al. 1993; Fagotto et al. 1994; Girardi et al. 3 In fact, SBKHP15 should be SBKHP16. We referred the Table 6 of Perelmuter & Racine (1995) To proceed with the comparisons, we first convolve the SEDs of BC96 models with the BATC filter profiles to obtain the optical and near-infrared integrated luminosities. The integrated luminosities L λi (t, Z) of the ith BATC filter can be calculated as
where F λ (t, Z) is the SED at age t in metallicity Z model, ϕ i (λ) is the response functions of the ith filter of the BATC filter system (i = 3, 4, · · ·, 15), respectively. All integrated colors of BC96 models are calculated relative to the BATC08 filter band (λ = 6075Å):
From this equation, we can obtain model intermediateband colors for SSP models of different metallicities. In order to study the stellar populations of these GCs, we use 5 ages of 1, 2, 3, 8 and 16 Gyrs of BC96 SSP models of two metallicities: a metal-poor model of Z = 0.0004, and a more metal-rich model of Z = 0.004. The best SED-fit between a globular cluster and SSP models is found by minimizing the color differences between intrinsic integrated color of a cluster and integrated color of models:
where C ssp λi (t, Z) represents the integrated color in the ith filter of a SSP at age t in a metallicity Z model. C intr λi (n) is the intrinsic integrated color for a cluster. The differences are weighted by 1/σ i 2 , where the σ i 's are observational uncertainties of the passbands. Figure 3 shows the results of SED-fits, in which filled circle represents the intrinsic integrated color of a cluster, and the thick line represents the best fit of the integrated color of a SSP model.
From Figure 3 , we can see that, of these 42 M81 GCs, there are 11 for which our estimates give ages younger than 8 Gyrs. The results tell us that, M81 includes a population of intermediate-age GCs with ages of a few Gyr. Similar clusters have been observed in both M31 and M33 (Brodie & Huchra 1990 , 1991 Jiang et al. 2003; Beasley et al. 2004; Burstein et al. 2004; Puzia et al. 2005; Sarajedini et al. 1998 Sarajedini et al. , 2000 Ma et al. 2002) . For SBKHP16, Schroder et al. (2002) derived its age is between 1.5 and 3 Gyrs, and our result is consistent with this estimte, given an age of between 1 and 2 Gyrs. Our results also shows that the age of SBKHP13 is between 2 and 3 Gyrs, which was not presented by Schroder et al. (2002) , because the value of index Hβ was not derived in Schroder et al. (2002) . The ages of the other GCs of Schroder et al. (2002) obtained in this paper are also fully consistent with the results of Schroder et al. (2002) .
SUMMARY
We have obtained SEDs of 42 M81 GCs in 13 intermediate-band filters with the BATC 0.6/0.9m Schmidt telescope. The BATC filter system is specifically designed to exclude most of the bright and variable nightsky emission lines including the OH forest, and it can present the accurate SEDs of the observed objects. This paper confirms the conclusions of Schroder et al. (2002) that, M81 contains clusters as young as a few Gyrs. Such young GCs have also been observed in both M31 and M33 (Brodie & Huchra 1990 , 1991 Jiang et al. 2003; Beasley et al. 2004; Burstein et al. 2004; Puzia et al. 2005; Sarajedini et al. 1998 Sarajedini et al. , 2000 Ma et al. 2002) .
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